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1
LOCAL COOLING UNIT AND COOLING
SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a local cooling unit and a
cooling system, and particularly, to a local cooling unit and a
cooling system for locally cooling an electronic device, such
as a computer and a server, which is placed in a server room.

2. Description of the Related Art

In recent years, with improvement in information process-
ing techniques and development of Internet environments, the
information processing amount which is required has
increased. Data processing centers for processing various
kinds of information in large volume are in the spotlight as
businesses. For example, in a server room of a data processing
center, a number of electronic devices such as computers and
servers are installed in a concentrated state, and are continu-
ously operated night and day. Generally, for installation of
electronic devices in a server room, a rack mount method is
employed. The rack mount method is a method for stacking
racks, which house electronic devices by dividing the elec-
tronic devices according to the functional unit, on a cabinet in
layers. A number of such cabinets (server racks) are arranged
and disposed on the floor of a server room. These electronic
devices which process information have rapidly improved in
processing speed and processing capability. Thus, the heat
generation amount from the electronic devices continues to
increase.

As a cooling system for cooling electronic devices, there is
known a cooling system including a plurality of racks which
house electronic devices opposed to each other with a prede-
termined space (passage) interposed therebetween in a device
room, and an air conditioner spaced apart in the predeter-
mined space between the racks.

In such a cooling system, the air conditioner discharges a
cooled air downward. Air for cooling is delivered to the pre-
determined space and sucked into the racks. Then, the cooled
air is warmed by cooling the devices housed in the racks, and
is blown out from the rear surfaces of the racks.

In the cooling system described above, however, a part of
the exhaust heat air from the racks is not delivered to the air
conditioner but is sucked into the racks, with the result that the
exhaust heat air may recirculate.

Japanese Patent Application Laid-Open No. 2010-25451
discloses that a partition plate which is extendable/retractable
in the height direction of racks is installed to prevent recircu-
lation of exhaust heat air from the racks.

SUMMARY OF THE INVENTION

In the cooling system disclosed in Japanese Patent Appli-
cation Laid-Open No. 2010-25451, a plurality of racks pro-
vided in a device room are cooled by an air conditioner.
Accordingly, the power of the air blower of the air conditioner
is large, and the power consumption increases. In addition,
the air conditioner is installed in the device room, which
limits the space for arranging the racks.

The present invention has been made in view of the above
circumstances, and has an object to provide a local cooling
unit and a cooling system which have a small power con-
sumption and are capable of securing a space for arranging
racks in a device room.

An aspect of the present invention provides a local cooling
unit which is disposed above an electronic device to cool the
electronic device, the local cooling unit including: a housing
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2

having a cavity formed in the housing; an air inlet port which
is provided in a bottom surface of the housing and which takes
in exhaust heat air from the electronic device; an evaporator
which is provided in the housing and which evaporates a
refrigerant by heat exchange with air sucked in from the air
inlet port to cool the air, the refrigerant passing through an
inside of the evaporator; an air outlet port which is provided in
a side surface of the housing and which exhausts the air
cooled by the evaporator; and a fan which is provided on a
side of the air inlet port or a side of the air outlet port of the
housing and which moves the air from the air inlet port to the
air outlet port.

According to the present invention, exhaust heat air from
an electronic device is locally cooled, so that the exhaust heat
air can be cooled with small power (energy). Since the local
cooling unit is disposed above the electronic device, a space
for arranging the racks can be secured. The exhaust heat air is
taken in from the bottom surface side of the housing and the
cooled air is exhausted to the side surface side of the housing,
thereby enabling downsizing of the local cooling unit itself.

According to other aspect of the present invention, it is
preferable that, in the local cooling unit, the evaporator is
disposed to be tilted so that the evaporator gradually increases
in height toward the air outlet port from the air inlet port.

According to other aspect of the present invention, it is
preferable that the local cooling unit further includes a drain-
age pan formed below the evaporator.

Another aspect of the present invention provides a cooling
system for an electronic device, including: a device room; a
plurality of rack rows constituted by a plurality of racks, the
plurality of racks being disposed in the device room to house
the electronic device; and a plurality of local cooling units
according to any one of the above aspects, the plurality of
local cooling units being disposed above the racks, wherein
the plurality of racks have air suction ports and air exhaust
ports, the air suction ports being formed in front surfaces of
the plurality of racks, the air exhaust ports being formed in
rear surfaces of the plurality of racks, and are disposed so that
the air exhaust ports oppose each other with a predetermined
space interposed therebetween, and the plurality of local
cooling units cover the space.

An upper part of the space to which the exhaust heat air is
exhausted is covered with the plurality of local cooling units,
thereby preventing recirculation of a part of the exhaust heat
air from the racks. Further, the exhaust heat exhausted to the
space can be efficiently taken in by the local cooling units.

According to other aspect of the present invention, it is
preferable that the cooling system further include: a cooling
device which is provided at a place higher than the local
cooling units and which liquefy an evaporated refrigerant; a
gas piping which delivers the refrigerant evaporated by the
evaporator to the cooling device; and a liquid piping which
delivers the refrigerant liquefied by the cooling device to the
evaporator, and that the cooling system circulate the refriger-
ant naturally.

The refrigerant is circulated by a natural circulation
method, thereby suppressing occurrence of condensation on
the surface of the evaporator.

According to other aspect of the present invention, it is
preferable that, in the cooling system, the device room
include a lattice ceiling and that the local cooling units be
mounted to the lattice ceiling.

As described above, the local cooling unit and the cooling
system according to the present invention have a small power
consumption and are capable of secure a space for arranging
racks in the device room.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual view illustrating an overall structure
of'a cooling system of the present invention;

FIG. 2 is an explanatory view illustrating a layout of server
racks which house servers stacked in layers, and a layout of
local cooling units;

FIG. 3 is an explanatory view illustrating an internal struc-
ture of a local cooling unit; and

FIG. 4 is a conceptual view illustrating a support structure
which supports and suspends the local cooling unit from the
ceiling.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of a local cooling unit and a cool-
ing system according to the present invention will now be
described in detail in accordance with the accompanying
drawings.

In this embodiment, as one example of an electronic
device, an example of a server placed in a server room will be
described.

FIG. 1 is a conceptual view illustrating an overall structure
of'a cooling system 10.

The cooling system 10 shown in FIG. 1 is a cooling system
which locally cools hot air discharged from servers 14 pro-
vided in upper and lower server rooms 12X and 12Y in a
two-storied building. The cooling system 10 has a structure as
described below.

In the following description, reference character X, which
is added to reference numerals, designates members involved
in a cooling system for the server room 12X on the lower
floor, and reference character Y, which is added to reference
numerals, designates members involved in a cooling system
for the server room 12Y on the upper floor.

As shown in FIG. 2, on floor surfaces 11 of the server
rooms 12X and 12Y, a plurality of (five in FIG. 2) serverracks
13 (five server racks in FIG. 2) are laterally aligned to thereby
form each rack row 15. The plurality of rack rows 15 are
arranged in parallel to each other at predetermined intervals.
Though four rack rows 15 are illustrated in FIG. 2, a number
of rack rows 15 are provided in the actual server rooms 12X
and 12Y. The server racks 13 house the plurality of servers 14
stacked in layers (three layers in FIG. 2).

As shown in FIG. 1, each of the servers 14, which are
housed and stacked in layers in the server racks 13, includes
an air suction port 14A, an air exhaust port 14B, and a fan 14C
formed inside. By driving the fan 14C, air from the suction
port 14A is sucked, and exhaust heat air with exhaust heat of
each server 14 is exhausted from the exhaust port 14B. This
allows each server 14 to be cooled.

As shown in FIG. 2, the plurality of rack rows 15 are
divided into a pair of adjacent groups A and B. Further, the
servers 14 housed in the rack rows 15 of the same group A or
B arehoused so that the exhaust ports 14B face each other (see
FIG. 1). As a result, an exhaust space 17 to which the exhaust
heat air from the servers 14 is exhausted is formed between
the rack rows 15 of the same group A or B. Additionally, an air
suction space 19 in which air is sucked into the servers 14 is
formed between the adjacent groups A and B.

Thus, when the exhaust heat air from the servers 14 is
exhausted to the exhaust space 17, the temperature of the
exhaust space 17 rises. With the rise of the temperature of the
exhaust space 17, the room temperature of the entire server
rooms 12X and 12Y rises. Accordingly, the temperature of the
suction space 19 also rises. As a result, the temperature of the
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4

air sucked into the servers 14 rises, so that a failure of the
servers 14 is likely to occur. For this reason, it is necessary to
efficiently cool the exhaust heat air exhausted to the exhaust
space 17.

In view of this, the embodiment of the present invention
provides a structure in which an upper part of the exhaust
space 17 is covered with a plurality of local cooling units 21X
and 21Y so as to prevent the exhaust heat air from spreading
over the entire server rooms 12X and 12Y, and in which the
exhaust heat air exhausted to the exhaust space 17 is locally
cooled by the local cooling units 21X and 21Y.

A description is now given of the structure of the local
cooling units 21X and 21Y and a ceiling suspension structure
for covering the upper part of the exhaust space 17 with the
local cooling units 21X and 21Y.

As shown in FIG. 3, in the local cooling units 21X and 21Y,
air inlet ports 23B are formed in a bottom surface 23A of a
rectangular casing 23 having a cavity formed therein, and air
outlet ports 23D are formed in a side surface of the casing 23
on the side of the suction space 19. In the casing 23, there are
mounted evaporators 20X and 20Y for cooling ambient air by
utilizing vaporization heat generated when a refrigerant lig-
uid evaporates to vapor. Additionally, at the air outlet ports
23D, there are provided intake fans 23E for taking in the
exhaust heat air of the exhaust space 17 and for blowing out
air from the air outlet ports 23D.

As described later, the cooling system 10 of this embodi-
ment employs a natural circulation method for naturally cir-
culating refrigerant between the evaporators 20 of the local
cooling units 21X and 21Y and a cooling tower 22 serving as
a condenser. In order to allow the evaporators 20 to exhibit a
high cooling capacity, it is preferable to increase the length of
acooling coil (not shown), which forms the evaporators 20, as
much as possible, to thereby increase a heat-transfer area.

In this regard, as shown in FIG. 3, itis preferable that the air
inlet ports 23B be formed in a bottom surface portion near a
side surface opposite to the air outlet ports 23D, and that the
evaporators 20 be disposed to be tilted at a tilt angle 0 in the
range of 10 to 20 degrees with respect to the bottom surface
23A of the casing 23. Thereby, the distance from the air inlet
ports 23B to the air outlet ports 23D can be increased. Accord-
ingly, a large space for heat exchange between the cooling
coil and the exhaust heat air taken into the casing can be
secured in the casing 23. This makes it possible to increase the
length of the cooling coil. If both the air inlet ports 23B and
the air outlet ports 23D are formed in the bottom surface 23A
of'the casing 23, a large space for heat exchange can hardly be
secured.

The natural circulation method has a feature that conden-
sation is hardly formed on the outer surfaces of the evapora-
tors 20 as compared with a forcible circulation method in
which a compressor (not shown) is provided. Thus, as in this
embodiment, when the local cooling units 21X and 21Y are
disposed above the server racks 13, dew condensation water
is prevented from dropping on the servers 14. Further, as
shown in FIG. 3, even if condensation is formed on the outer
surfaces of the evaporators 20X and 20Y, the evaporators 20X
and 20Y are disposed to be tilted as described above to
thereby form a drainage pan 23F below the evaporators 20X
and 20Y, so that drew condensation water flows down in the
tilt direction and is accumulated in the drainage pan 23F.

Next, the ceiling suspension structure for the local cooling
units 21X and 21Y will be described.

As shown in FIG. 4, the ceiling surface of each of the server
rooms 12X and 12Y is formed of a lattice-shaped ceiling
frame 25 in which longitudinal beams 25A and lateral beams
25B are combined in a lattice shape. The ceiling frame 25 is
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suspended from a ceiling slab 29 (see FIG. 1) through bolts
27. In the ceiling frame 25, the longitudinal beams 25A and
the lateral beams 25B cross each other, thereby forming a
number of lattice openings 25C. Upper parts of the local
cooling units 21, which are formed in a rectangular shape, are
detachably fit into the lattice openings 25C. The fitting struc-
ture is not particularly described. However, for example, it is
possible to employ a method in which a flange part (not
shown) larger than the lattice opening 25C is provided on the
upper surface of each local cooling unit and the flange part is
placed on the longitudinal beams 25A and the lateral beams
25B. Thus, the local cooling units 21X and 21Y are supported
by the ceiling frame 25 in the state where lower parts of the
local cooling units 21X and 21Y project toward the side of the
server rooms 12X and 12Y.

In this embodiment, as shown in FIG. 2, the plurality of
local cooling units 21X and 21Y are disposed in two rows
above the exhaust space 17 along the rack rows 15. In this
case, in order to prevent a gap from being formed between the
local cooling units 21X and 21Y, which are disposed in two
rows, it is preferable to set the width dimensions of the local
cooling units 21X and 21Y so that the side surfaces of the
casings on the opposite side to the air outlet ports 23D come
into contact with each other. It is also preferable to set a total
width W1 of the local cooling units 21X and 21Y, which are
disposed in two rows, to be larger than a width W2 of the
exhaust space 17 so that the upper surface of the exhaust space
17 can be sealed. In this case, it is preferable that the bottom
surfaces 23 A of the local cooling units 21X and 21Y partially
overlap the upper surfaces of the server racks 13 as shown in
FIGS. 1 and 2. Thus, the ceiling frame 25 for supporting the
local cooling units 21X and 21Y is structured so that the
height of the ceiling frame 25 can be adjusted by rotating the
hanging bolts 27. This allows the plurality of local cooling
units 21X and 21Y to be supported on the ceiling frame 25 so
as to completely cover the upper surface of the exhaust space
17 formed between a pair of rack rows 15. Of the lattice
openings 25C of the ceiling frame 25, the lattice opening 25C
in which the local cooling unit 21 is not supported by being fit
thereto is closed with a shielding plate (not shown).

Next, a refrigerant natural circulation method between the
evaporators 20 and the coolant tower 22 (condenser) will be
described.

As shown in FIG. 3, a cooling coil (not shown) is provided
inside the evaporators 20X and 20Y which are built in the
local cooling units 21X and 21Y, respectively. The cooling
coil is connected to the cooling tower 22 through a liquid
piping 24 in which a refrigerant liquid flows, and through a
gas piping 26 in which a refrigerant gas flows.

Further, exhaust heat air of the exhaust space 17, which is
taken in from the air inlet ports 23B, flows outside the cooling
coil, and a refrigerant liquid flows inside the cooling coil to
exchange heat. As aresult, the refrigerant liquid in the cooling
coil takes vaporization heat from the exhaust heat air and
evaporates, thereby cooling the exhaust heat air. Thus, the
blowout air blown out from the air outlet ports 23D into the
suction space 19 is cooled. This makes it possible to set the
temperature environment of the suction space 19 to a tem-
perature environment necessary for the servers 14 to operate
normally.

As shown in FI1G. 1, the cooling tower 22 is a device which
cools and condenses the refrigerant gas evaporated by the
evaporators 20X and 20Y, and which is installed at a place
higher than the evaporators 20X and 20Y, for example, on the
roof of the building of the server rooms 12.

The evaporators 20X and 20Y and the cooling tower 22 are
connected to each other with the liquid piping 24 (including

15

20

25

30

40

45

55

60

65

6

branch pipes 24X and 24Y) and the gas piping 26 (including
branch pipes 26X and 26Y). The upper end of the gas piping
26 is connected to the inlet of a heat exchange coil 28 in the
cooling tower 22. The lower end of the gas piping 26 is
branched into the branch pipes 26X and 26Y. The branch pipe
26X is connected to one end of the cooling coil of the evapo-
rator 20X, and the branch pipe 26Y is connected to one end of
the cooling coil of the evaporator 20Y. Meanwhile, the upper
end of the liquid piping 24 is connected to the outlet of the
heat exchange coil 28 in the cooling tower 22. The lower end
of'the liquid piping 24 is branched into the branch pipes 24X
and 24Y. The branch pipe 24X is connected to the other end of
the cooling coil of the evaporator 20X, and the branch pipe
24Y is connected to the other end of the cooling coil of the
evaporator 20Y. Accordingly, the refrigerant gas evaporated
by the evaporators 20X and 20Y flows upward in the gas
piping 26, and is naturally delivered to the cooling tower 22
and liquefied by the cooling tower 22. After that, the liquefied
refrigerant flows downward in the liquid piping 24 and is
naturally delivered to the evaporators 20X and 20Y. Thus,
refrigerant natural circulation is carried out. As the refrigerant
to be naturally circulated, chlorofluorocarbon (CFC), or HFC
(hydrofiuorocarbon) as an alternative to CFC and the like can
be publicly used.

Inthe suction spaces 19, temperature sensors 52X and 52Y
are provided. Further, flow rate regulating valves 50X and
50Y for regulating the flow rate of a refrigerant liquid are
respectively provided to the branch pipes 24X and 24Y of'the
liquid piping 24. Measured temperatures measured by the
temperature sensors 52X and 52Y are input to a controller 54.
The controller 54 individually controls the opening degree of
the flow rate regulating valves 50X and 50Y based on the
measured temperatures. This allows the refrigerant to be sup-
plied at a flow rate appropriate for the evaporators 20X and
20Y, which have different heights between the upper floor and
the lower floor, to have the same capability of cooling the
exhaust heat air.

As shown in FIG. 1, the cooling tower 22 includes a cooling
tower body (casing) 30 which is horizontally disposed. Fur-
ther, in the cooling tower 22, an intake port 30A for taking in
an external air to one end side of the cooling tower body 30 is
formed, and an exhaust port 30B for exhausting an external
air to the other end side is formed. The heat exchange coil 28
is provided in the cooling tower body 30. The inlet of the heat
exchange coil 28 is connected to the gas piping 26 in which
the refrigerant gas returning from the evaporators 20X and
20Y flows. The outlet of the heat exchange coil 28 is con-
nected to the liquid piping 24 in which the refrigerant liquid
supplied to the evaporators 20X and 20Y flows.

Further, a sprinkler 34 is provided on the side of the intake
port 30A of the heat exchange coil 28, and a blower fan 36 is
provided on the side of the intake port 30A with respect to the
sprinkler 34. An intake external air taken in from the intake
port 30A of the cooling tower body 30 is blown to the heat
exchange coil 28, and the sprinkler 34 sprinkles water to the
heat exchange coil 28. As a result, the refrigerant gas flowing
in the heat exchange coil 28 is cooled and condensed by the
external air and sprinkled water and is liquefied into a refrig-
erant liquid. Meanwhile, the intake external air taken into the
cooling tower body 30 takes heat from the refrigerant gas
flowing in the heat exchange coil 28, so that the temperature
rises. Then, the intake external air is discharged as an exhaust
external air from the exhaust port 30B.

Furthermore, the cooling tower 22 is provided with a con-
trol mechanism 42 for maintaining the temperature of the
refrigerant liquid at the outlet of the heat exchange coil 28
constant at a predetermined value.



US 9,317,080 B2

7

The control mechanism 42 includes a refrigerant liquid
temperature sensor 44, an air flow-rate regulating device 36 A,
and a controller 46. The refrigerant liquid temperature sensor
44 measures the temperature of the refrigerant liquid at the
outlet of the heat exchange coil 28. The air flow-rate regulat-
ing device 36A regulates the flow rate of air blown from the
blower fan 36 to the heat exchange coil 28 by changing a
rotating speed of the blower fan 36. The controller 46 controls
the air flow-rate regulating device 36 A based on the tempera-
ture measured by the refrigerant liquid temperature sensor 44.
As the controller 46, a controller 54 may also be used, and the
controller 46 for the cooling tower 22 may be separately
provided as shown in FIG. 1.

According to the cooling system 10 structured as described
above, the exhaust heat air of high temperature (for example,
45° C.) exhausted from the servers 14, which are stacked in
layers onthe server racks 13, is exhausted to the exhaust space
17 formed between a pair of rack rows 15. The exhaust heat
air exhausted to the exhaust space 17 is taken into the casing
23 from the intake ports 23B of the plurality of local cooling
units 21 which are disposed above the exhaust space 17.
Further, the refrigerant liquid is evaporated by the evaporators
20X and 20Y which are built in the local cooling units 21,
thereby cooling the exhaust heat air and blowing out the
cooled air (for example, 25° C.) to the suction space 19 from
the air outlet ports 23D.

Meanwhile, in the cooling tower 22, the refrigerant gas
from the evaporators 20X and 20Y is cooled and condensed to
be liquefied, so that the liquefied refrigerant liquid flows
down to the evaporators 20X and 20Y by gravity. Thus, natu-
ral circulation of refrigerant is formed. The controller 54
monitors the air temperature measured by the temperature
sensors 52X and 52Y, or the air temperature of the suction
space 19 after the exhaust heat air is cooled by the evaporators
20X and 20Y in the local cooling units 21. Then, the control-
ler 54 controls the flow rate regulating valves 50X and 50Y so
that the air temperature of the suction space 19 reaches a
temperature suitable for the operation environment of the
servers 14, and regulates the flow rate of the refrigerant gas
flowing in the liquid piping 24. By the valve control, the
temperature of the blown air cooled by the evaporators 20X
and 20Y is properly controlled.

In the cooling system 10 as described above, the local
cooling units 21 are suspended from the ceiling frame 25, so
that the entire floor surfaces 11 of the server rooms 12X and
12Y can be effectively used as a space for installing the server
racks 13. Additionally, instead of intensively cooling the
overall server rooms 12X and 12Y by using a large cooling
device with a large capacity, a plurality of exhaust spaces 17
are formed and the plurality of exhaust spaces 17 are locally
cooled by the local cooling units 21, thereby downsizing the
intake fans 23E. Consequently, the fan operation power can
be drastically reduced, which contributes to energy saving.

Further, as in this embodiment, in the case where the local
cooling units 21X and 21Y, in which the evaporators 20X and
20Y are built in, are disposed above the server racks 13, if
condensation is formed on the evaporators 20X and 20Y and
dew condensation water drops on the servers 14, a server
failure occurs. However, in the embodiment of the present
invention, since the refrigerant is circulated by the natural
circulation method, condensation is hardly formed on the
evaporators 20 as compared with the forcible circulation
method in which a compressor is used. Furthermore, as a
countermeasure for condensation to be formed on the evapo-
rators 20X and 20Y, the drainage pan 23F is provided below
the evaporators 20X and 20Y, which are tilted, as shown in
FIG. 3, thereby preventing dew condensation water from
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dropping on the servers 14. Moreover, the evaporators 20X
and 20Y are tilted and disposed in the casings 23 of the local
cooling units 21X and 21Y so as to increase the length of the
cooling coil forming the evaporators 20X and 20Y. Therefore,
the cooling capability of the evaporators 20X and 20Y can be
enhanced.

Note that in this embodiment, the server 14 is illustrated as
an example of an electronic device. Alternatively, for
example, general cooling systems for electronic devices
which require precise temperature control, such as a semi-
conductor manufacturing device, and from which a large
amount of heat is generated can be applied.

What is claimed is:

1. A cooling system for at least one electric device, com-
prising:

a first rack row and a second rack row, in which a plurality
of racks are arranged, wherein each of the plurality of
racks is configured to house an electric device including
a first fan, and each of the plurality of racks has both an
air suction port formed in a front surface of the rack and
an air exhaust port formed in a rear surface of the rack,
and wherein the first rack row and the second rack row
are disposed such that their respective air exhaust ports
oppose each other, and a gap with a predetermined size
is interposed therebetween;

a plurality of local cooling units, each configured to cool a
rack row, wherein at least one first local cooling unit and
second cooling unit, serving as an opposing pair of local
cooling units, of the plurality of local cooling units, are
disposed above the first rack row and the second rack
row, respectively, in an opposing manner, wherein the
gap with the predetermined size is covered by a combi-
nation of the first local cooling unit disposed above the
first rack row and the second local cooling unit disposed
above the second rack row, and wherein each of the first
local cooling unit and the second local cooling unit
includes:

a housing having a cavity formed in the housing;

an air inlet port provided in a bottom surface of the
housing and open to the predetermined gap, to take in
exhaust heat air from the rack row, via the predeter-
mined gap;

an evaporator provided in the housing, and configured to
evaporate a refrigerant by heat exchange with air
sucked in from the air inlet port, to cool the air, the
refrigerant passing through an inside of the evapora-
tor;

an air outlet port provided in a side surface of the hous-
ing, and configured to exhaust the air cooled by the
evaporator to a rack row side having the air suction
ports of the racks; and

a second fan configured to move the air from the air inlet
port to the air outlet port;

wherein the first local cooling unit exhausts air cooled by
the evaporator to the rack row side of the first rack
row, having the air suction ports of the racks, and the
second local cooling unit exhausts air cooled by the
evaporator to the rack row side of the second rack row,
having the air suction ports of the racks;

a cooling tower and/or condenser, disposed above the plu-
rality of local cooling units;

a gas piping configured to transport a refrigerant, which has
been evaporated in an evaporator, to the cooling tower
and/or condenser; and

a liquid piping configured to transport the refrigerant,
which has been condensed in the cooling tower and/or
condenser, to the evaporator;

wherein the refrigerant is naturally circulated.
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2. The cooling system according to claim 1, wherein the
evaporator is disposed to be tilted so that the evaporator
gradually increases in height toward the air outlet port from
the air inlet port.

3. The cooling system according to claim 1, further com-
prising: a drainage pan formed below the evaporator.

4. The cooling system according to claim 2, further com-
prising: a drainage pan formed below the evaporator.

5. The cooling system according to claim 1, wherein

adevice room housing the cooling system includes a lattice
ceiling, and

the local cooling units are mounted to the lattice ceiling.

6. The cooling system according to claim 2, wherein

adevice room housing the cooling system includes a lattice
ceiling, and

the local cooling units are mounted to the lattice ceiling.

7. The cooling system according to claim 3, wherein

adevice room housing the cooling system includes a lattice
ceiling, and

the local cooling units are mounted to the lattice ceiling.

8. A cooling system for at least one electric device, com-
prising:

a first rack row and a second rack row, in which a plurality
of racks are arranged, wherein each of the plurality of
racks is configured to house an electric device including
a first fan, and each of the plurality of racks has both an
air suction port formed in one side of the rack and an air
exhaust port formed in another side of the rack opposite
to the one side, and wherein the first rack row and the
second rack row are disposed such that their respective
air exhaust ports oppose each other, and a gap with a
predetermined size is interposed therebetween;

a plurality of local cooling units, each configured to cool a
rack row, wherein at least one first local cooling unit and
second cooling unit, serving as an opposing pair of local
cooling units, of the plurality of local cooling units, are
disposed above the first rack row and the second rack
row, respectively, in an opposing manner, wherein the
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gap with the predetermined size is covered by a combi-

nation of the first local cooling unit disposed above the

first rack row and the second local cooling unit disposed

above the second rack row, and wherein each of the first

local cooling unit and the second local cooling unit

includes:

a housing having a cavity formed in the housing;

an air inlet port provided in a bottom surface of the
housing and open to the predetermined gap, to take in
exhaust heat air from the rack row, via the predeter-
mined gap;

an evaporator provided in the housing, and configured to
evaporate a refrigerant by heat exchange with air
sucked in from the air inlet port, to cool the air, the
refrigerant passing through an inside of the evapora-
tor;

an air outlet port provided in a side surface of the hous-
ing, and configured to exhaust the air cooled by the
evaporator to a rack row side having the air suction
ports of the racks; and

a second fan configured to move the air from the air inlet
port to the air outlet port;

wherein the first local cooling unit exhausts air cooled by
the evaporator to the rack row side of the first rack
row, having the air suction ports of the racks, and the
second local cooling unit exhausts air cooled by the
evaporator to the rack row side of the second rack row,
having the air suction ports of the racks;

a cooling tower and/or condenser, disposed above the plu-
rality of local cooling units;

a gas piping configured to transport a refrigerant, which has
been evaporated in an evaporator, to the cooling tower
and/or condenser; and

a liquid piping configured to transport the refrigerant,
which has been condensed in the cooling tower and/or
condenser, to the evaporator;

wherein the refrigerant is naturally circulated via gravity.

#* #* #* #* #*



